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Abstract: This paper presents a 100𝝁m GaAs-based 0.45-
0.50 THz on-chip antenna based on metasurface and 
substrate integrated waveguide (SIW) technologies to realize 
a high-performance antenna. The antenna design consists of 
2×4 array of circular slot resonators embedded in rectangular 
ground-plane segments in a horizontal arrangement. The 
ground-plane segments are separated from each other by a 
narrow channel to create a coplanar waveguide which is used 
to excite the structure. This antenna structure, which is 
constructed on GaAs substrate, reduces substrate loss and 
surface waves. In addition, the metasurface essentially 
enlarges the effective aperture area of the antenna to enhance 
the gain and radiation efficiency of the antenna. The 
dimensions of the metasurface on-chip antenna is 
0.8×0.8×0.13 mm3. The antenna exhibits an average gain and 
efficiency of 6.9dBi and 61.82%, respectively, which makes it 
a promising candidate for packaging in terahertz 
components.   
   Keywords: On-chip antenna, metasurface, terahertz, SIW, 
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I. INTRODUCTION 
Antennas for on-chip applications need to be planar as 
they need to be fabricated using the same integrated circuit 
processing. Low resistivity substrate (10–20Ωcm) is a 
common choice for the fabrication of CMOS circuits which 
is necessity to overcome the latch-up issue. This type of 
substrate however greatly limits the efficiency of planar 
antennas resulting from high ohmic and dielectric loss in 
the underlying silicon substrate. A dipole antenna 
fabricated on a 10Ωcm silicon substrate has an efficiency 
of just 10% [1, 2]. 
In this paper, we have proposed two applicable 
approaches to overcome the limitations on bandwidth, gain 
and efficiency of the on-chip antennas for integration in 
terahertz integrated circuits. The proposed technique 
reduces the substrate loss and suppresses surface waves. 
This results in improved performance parameters of the on-
chip antenna. The proposed methods are based on 2-
dimensional metamaterials, which are commonly referred 
to as metasurface, and substrate integrated waveguide 
(SIW).  
 
II. PROPOSED METHODS TO OVERCOME THE LIMITATIONS 
ON BANDWIDTH, GAIN AND EFFICIENCY 
The proposed on-chip antenna comprises of a 2×4 array 
of a series of circular slot resonators implemented in the 
rectangular ground-plane on top of a Gallium Arsenide 
(GaAs) substrate with a ground-plane on its lower side, as 
shown in Fig.1. The horizontal slot resonators across the 
upper rectangular ground-plane act like miniature 
resonators that radiate energy at THz band. The 2×4 
ground-plane sections on the GaAs is framed by a metallic 
strip that is punctuated at its periphery with metallic vias-
holes. The Gallium Arsenide (GaAs) substrate with 
thickness of 100𝜇m, dielectric constant of 12.94, and loss-




Fig.1. The proposed on-chip antenna incorporating metamaterial and SIW 
technologies. 
 
The resonators effectively increase the impedance 
match and impedance bandwidth of the antenna in the 
terahertz band. In addition, to decrease the substrate loss 
and surface waves the metallic via-holes have actualized 
on the resonators in a substrate integrated waveguide 
configuration. The metallic vias are connected to the 
ground-plane through GaAs substrate. The via-holes act as 
shunt left-handed (LH) inductors (LL), which is one of the 
components in the metamaterial structures [3, 4]. By 
optimizing the via diameters and the space between them 
the we can tune LL which leads to further reduction in 
surface waves and substrate loss. The consequence of this 
is improved impedance matching, impedance bandwidth, 
and radiation properties. The gap between the metal slots 
play the role of the series LH capacitances (CL). By 
optimizing the number of the slots, their dimensions, and 
the space between them the value of CL can be tuned. The 
shunt LL and series CL transform the structure to exhibit 
metamaterial properties.  
With the proposed configuration the excitation of the 
structure is based on coplanar waveguide (CPW), as shown 
in Fig.2. The feed-line in the narrow gaps separating the 
rectangular ground-planes is used to couple 
electromagnetic energy to each of the resonators embedded 
in the rectangular ground-planes. This configuration 
reduces the substrate loss and surface waves. The structural 
parameters of the proposed on-chip antenna are given in 
Table I. The on-chip antenna has a very compact foot print 
area of 0.8×0.8×0.13 mm3. 
 
        
Fig.2. Top and side views of the proposed on-chip antenna showing the 
gap lines and feeding mechanism.  
 
The reflection coefficient of the proposed on-chip 
antenna in Fig.3 shows that it covers a wide frequency 
bandwidth from 0.45-0.5 THz for S11≤-15dB, which 
corresponds to a fractional bandwidth of 10.52%. The gain 
and radiation efficiency response over this frequency band 
in Fig.4 shows the proposed antenna to have an average 
gain and efficiency of 6.9dBi and 61.82%, respectively. 
The results confirm that with the proposed technique using 
metasurface and SIW technologies to realize an on-chip 
antenna provides high performance which is essential for 
applications in terahertz integrated-circuits. 
TABLE I. STRUCTURAL PARAMETERS 
On-chip antenna size 0.8×0.8×0.13mm3 
Occupied area by resonators  0.6×0.6×0.01mm3 
Occupied area by patches 0.4×0.4×0.01mm3 
Number of slots in each patch 7 
Slot’s diameters 7𝜇m 
Slot’s spacing 26𝜇m 
Via’s diameters 7𝜇m 
Via’s spacing 26𝜇m 
Gap-line’s width 10𝜇m 
Thickness of GaAs 100𝜇m 
 
 
Fig.3. Reflection coefficient response of the proposed on-chip antenna. 
 
   
Fig.4. Radiation gain and efficiency as a function of frequency.  
 
III. CONCLUSION 
An effective antenna design is described for on-chip 
application operating in the terahertz frequency band. The 
design antenna employing metasurface and SIW 
technologies enhances the miniature antenna’s gain and 
radiation characteristics. The antenna is constructed on a 
GaAs substrate and is composed of 2×4 array of circular 
resonator slots embedded in rectangular ground-plane, 
which are excited using coplanar waveguide arrangement 
to reduce substrate loss and surface waves.   
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